In the United States, nearly 8400 patients die each year from oral cavity and pharynx cancers, most of whom are 65 years and older; however, the costs attributable to these cancers are not well described.
1
Although the peak incidence lies between 50 and 70 years of age, it is estimated that as many 25% of these cancers are diagnosed in patients 70 years or older. [2] [3] [4] [5] Tumors of the oral cavity and pharynx are among the most affected sites in elderly patients. 1, [3] [4] [5] Survival and treatment modalities are largely determined by age and stage at the time of diagnosis.
Other factors, such as race/ethnicity, comorbidities, and marital status, have also been found to be associated with outcomes. [6] [7] [8] In early-stage cancers, survival ranges from 70%
to 90%, and single-modality treatments are feasible; however, less than 50% of those with advanced disease survive more than 5 years. 1, 9, 10 Many cases of oral cavity cancer and most cases of pharyngeal cancer are diagnosed at advanced stages, when management is complex and requires multidisciplinary, multimodality, and aggressive care. The most common treatment options, including surgery, radiotherapy, and chemotherapy, carry a high burden of morbidity. Recurrence, ultimately leading to death, is relatively common. 9, 11 Costs associated with management of head and neck cancers are also high. 9, 10, [12] [13] [14] [15] [16] [17] [18] The estimated financial impact of head and neck cancer annually in the United States is nearly $1.8 billion (adjusted to year 2012 dollars). 19, 20 Reports of annual costs per incident case have ranged from approximately $25 000 (year 2002 dollars) to $154 000 (year 2009 dollars). 9, [12] [13] [14] 20 There are many reasons for the wide range of reported costs, including heterogeneity of data sources, the distribution of stage of disease in samples, and methodologic approaches for cost computations. In the United States, because of the separation between the institutions that finance and provide health care, relatively few data sources include the detailed clinical information and billing records necessary to estimate the costs of cancer. The Medicare program, which is publicly funded health insurance for elderly patients, provides an opportunity to estimate costs of care for elderly patients with oral cavity and pharyngeal cancers. Our aim was to estimate the attributable costs of oral cavity and pharyngeal cancer in elderly Medicare patients and identify the primary determinants of costs of care during the 5-year period after initial diagnosis.
Methods

Data and Population
Data for this study were obtained from the Surveillance, Epidemiology, and End Results (SEER)-Medicare linked database. The SEER-Medicare database combines tumor registry data from the National Cancer Institute's SEER program for patients who are covered by Medicare with their Medicare billing records. 21 The SEER-Medicare data contain tumor regis- 
Outcomes and Covariates
Our primary aims were to estimate the total cumulative 5-year costs for patients with oral cavity and pharyngeal cancers and to determine patient and disease characteristics that were associated with costs. The perspective adopted for the cost analyses was Medicare as the payer. Therefore, costs represent actual payments made by Medicare for all-cause treatments, including inpatient stays, emergency department visits, outpatient procedures, office visits, home health visits, durable medical equipment, and hospital care but excluding outpatient prescription drugs. Hospital costs were adjusted using the Hospital and Related Services component of the Consumer Price Index. Outpatient costs, physician payments, and hospice and home care costs were adjusted using the Medical Care Services component of the Consumer Price Index. Medical equipment costs were adjusted using the Medical Care Commodities component of the Consumer Price Index. All costs were adjusted for inflation to year 2005 dollars. Our analyses estimated the effect of demographic characteristics, disease characteristics, and comorbidities on treatment choice. Demographic variables included patient age at diagnosis, sex, race/ethnicity (black, white, or other), year of diagnosis, marital status, and geographic location. Disease variables included cancer site and morphologic extent of malignant disease defined using the SEER historic stage (local, regional, distant metastasis, or unstaged). 22 We controlled for comorbidities using the sum of the number of Agency for Health Care Research and Quality comorbidities for each patient up to 1 year before diagnosis. 23 
Statistical Analysis
The statistical analysis was designed to determine the associations between cumulative costs and covariates, including demographic characteristics, comorbidities, and tumor features. Descriptive statistics were used to summarize the sample populations. Mean cumulative costs were estimated using inverse probability weighting to account for patient censoring. 25 Patients were censored if they were alive and had been diagnosed as having cancer less than 5 years before December 31, 2006 , the SEER cut-off date for follow-up in our data set. We used the partitioned estimator based on monthly costs, resulting in a total of 60 partitions. Uncensored patients contributed costs for all 60 months; censored patients contributed costs for all months before the SEER cut-off date. For a given partition, uncensored patients were given a weight inversely proportional to the estimated probability of being uncensored at that time point. Cumulative costs were also assessed in a multivariable regression model using inverse probability weighting and the same monthly partitions. 26 Bootstrapping with 1000 replicates was used to estimate 95% CIs. All analyses were performed using SAS statistical software, version 9.2 (SAS Institute Inc), and R software, version 2.13.0 (open source software available at http://www.r-project.org/).
Results
A summary of the characteristics of Medicare patients with oral cavity and pharyngeal cancers are given in Table 1 . Patients with oral cavity cancers were older and more likely to be female and white compared with patients with pharyngeal cancers. Among patients with oral cavity and pharyngeal cancers, 17.9% and 18.7%, respectively, had at least one comorbidity. The distribution of comorbidities is presented in Table 2 . The most common comorbidities for oral and pharyngeal cancers were hypertension, chronic pulmonary disease, fluid and electrolyte disorders, and diabetes mellitus. The disease characteristics of the cancers are presented in Table 3 . Patients with oral cavity cancer were more likely to present with localized disease than patients with pharyngeal cancer (44.0% vs 12.6%), and patients with pharyngeal cancer were much more likely to present with regional disease or distant metastases (80.6% vs 44.2%). Treatment patterns were also different; patients with oral cavity cancer were more likely to be treated with single-modality surgery (49.4%), whereas patients with pharyngeal cancer were more likely to be treated with chemotherapy (34.1%) or radiation therapy alone (27.0%).
Multivariate analysis of costs using inverse probability weighting is presented in Table 4 . After controlling for other factors, costs for patients with oral cavity cancers who were 76 to 80 years old were $9677 more than patients 66 to 70 years old. Other age groups were not statistically significant for oral cavity cancer, and the effect of age was not statistically significant for pharyngeal cancer. Black race was associated with large and significant effects on 5-year costs. African Americans with oral cavity cancer accumulated $11 450 (95% CI, $1320-$22 299) more in costs than white patients. African American patients with pharyngeal cancers accumulated $25 093 (95% CI, $14 917-$34 985) more during 5 years than white patients. There were systematic effects of geography on 5-year costs; costs decreased consistently from the largest metropolitan areas to the smallest rural areas for patients with oral and pharyngeal cancers. Stage was not a significant contributor to 5-year cumulative costs, with the exception of regional disease in oral cavity cancers, which was associated with an increased mean 5-year cumulative cost of $10 677. Comorbidities were a significant determinant of 5-year costs. The presence of 1 or 2 comorbidities In comparing cumulative costs for patients with oral cavity cancer to patients with pharyngeal cancers, these results suggest that patients with pharyngeal tumors incur higher costs. By year 5, the difference in the mean cumulative cost between the 2 cancer sites was $19 000 ($72 000 for oral cavity cancer vs $91 000 for pharyngeal cancer, P < .001). This finding appears to be largely due to differences in treatment approach. More patients with oral cavity cancers receive surgery alone as the primary modality of treatment, whereas most patients with pharyngeal cancers were more likely to receive chemotherapy and radiation, which are more costly. Notably, these costs also encompass any downstream complications of the treatment modalities, such as neutropenia. A substantial number of patients with oropharyngeal cancer received chemotherapy, significantly increasing incremental costs. Although it is commonly recommended that advanced age per se should not be considered a contraindication for receiving concurrent chemotherapy with radiotherapy, 28 a large individualpatient meta-analysis 29 of 87 randomized clinical trials found a decreased benefit with increasing age and no benefit for patients older than 70 years. After adjusting for confounders in multivariate analysis, the treatment modalities were the largest drivers of cost, with surgery combined with radiation and chemotherapy (alone or in combination with other modalities) associated with significantly increased 5-year costs compared with surgery alone. Because radiation therapy alone is often used as a palliative measure in unresectable oral cavity cancer, the decreased 5-year cumulative costs associated with this treatment are secondary to the decreased survival rates at 5 years. This phenomenon also likely explains why, with the exception of those with oral cavity cancer with regional disease, advanced stages were not found to be a significant predictor of costs at 5 years compared with localized or in situ disease. The predominance of treatment modality as the major driver of costs has also been found in other studies 9, 13 evaluating this association among different payer systems for head and neck cancer. The effect of comorbidities on prognosis, treatment selection, and perioperative complications in pharyngeal cancers has been well documented. 11, [30] [31] [32] [33] [34] Our results also reveal the increased incremental 5-year cumulative costs associated with comorbidities. This association has been found in other studies that used Medicaid and Medicare databases. 9, 14 In particular, using 2 years of Medicare-SEER data (1991-1993), Lang et al 14 reported that, within each stage, patients with the highest comorbidity scores had costs that were more than 2 times those of patients with the lowest comorbidity scores. We similarly have found that costs increased approximately 2-fold for oral cavity and pharyngeal cancers between patients with 1 or 2 comorbidities compared with those with 3 or more comorbidities. In contrast to these previous studies, we used inverse probability weighting to account for patient censoring and provide adjusted dollar estimates for the cumulative 5-year costs attributable to incremental increases in patient comorbidities in those with oral cavity and pharyngeal cancers compared with matched noncancer cohorts.
In evaluating the economic burden of oral cavity and pharyngeal cancer, comparing estimates among different studies is difficult because of the heterogeneity in definitions of disease, methods, and data sources. Early focus on quantifying the costs associated with the diagnosis and treatment of these cancers drew from US and international experiences from the Netherlands and Greece. 12, 17, 18 Although these studies described the higher costs associated with increasing stage of disease and the influence of treatment modalities on cumulative costs, their generalizability was limited by institutional experiences and varying health care infrastructures. In addition, the reported costs in these studies were derived from charges, which in a US context are not satisfactory proxies for cost of care. Previous literature used a variety of national databases to characterize population-based costs associated with oral cavity and pharyngeal cancer cohorts. 9, 11, 13, 14, 19 Similar to our study, most costs across different US payers are incurred within the first year of diagnosis, reflecting the treatment period. and previous studies is in how we have dealt with patient censoring. For example, the MarketScan data do not differentiate between death and disenrollment, and the Medicare database is characterized by variable follow-up. By using inverse probability weighting, our statistical models account for patient censoring in our estimates of cost. 35 In comparison, we estimate the 5-year cumulative costs to Medicare to be approximately $27 000 for oral cavity cancers and approximately $40 000 for pharyngeal cancers. This study is limited by use of administrative data. In addition, because this research uses data from the Medicare population, these costs cannot be generalized to younger patients. The costs reported are only for fee-for-service patients; patients enrolled in a health maintenance organization (accounting for 16% of Medicare overall) are not included in the analysis. Furthermore, we could not measure the incidence of complications and their contribution to cumulative costs. Another limitation is that there are characteristics of patients that may be important but are not available in the data set. For example, we might expect smoking to be more prevalent among patients with oral cavity and pharyngeal cancers than the noncancer comparison group. However, smoking is not available in the data set. The database also does not include human papillomavirus status, and we are not able to link human papillomavirus with pharyngeal cancer using this data set, although conventional wisdom would consider this an increasingly important risk factor. Finally, and most importantly, outpatient drug costs are not included in these estimates because Medicare did not provide reimbursements for drugs during the study interval, including chemotherapy drugs, if they were used for treatment. Costs for administration of chemotherapy are available, but the drug costs themselves are not.
Conclusions
Despite these limitations, our study reveals the significant economic burden associated with oral cavity and pharyngeal cancers in a contemporary cohort of elderly patients from a Medicare cost perspective. Using inverse probability weighting, we were able to account for patient censoring to provide a more accurate estimate of costs. With an attributable cost of $27 000 for patients with oral cavity cancer and $40 000 for pharyngeal cancers, there are substantial costs attributable to this disease. Although any comprehensive effort to reduce the economic burden of oral cavity and pharyngeal cancers must emphasize preventive and early diagnostic measures given the role of comorbidities and treatment modality as the primary determinants of cumulative costs at 5 years, further research will be needed to understand the cost-effectiveness of different modalities of treatment in patients with varying levels of comorbidities and stage of disease.
